Thirty-two studies of commonly researched neuropsychological malingering tests were metaanalytically reviewed to evaluate their effectiveness in discriminating between honest responders and dissimulators. Overall, studies using the Digit Memory Test (DMT), Portland Digit Recognition Test (PDRT), 15-Item Test, 21-Item Test, and the Dot Counting Test had average effect sizes indicating that dissimulators obtain scores that are approximately 1.1 standard deviations below those of honest responders. The DMT separated the means of groups of honest and dissimulating responders by approximately 2 standard deviations, whereas the 21-Item Test and the PDRT separated the groups by nearly 1.5 and 1.25 standard deviations, respectively. The 15-Item Test and the Dot Counting Test were less effective, separating group means by approximately 3/4 of a standard deviation. Although the DMT, PDRT, 15-, and 21-Item Tests all demonstrated very high specificity rates, at the level of individual classification, the DMT had the highest sensitivity and overall hit-rate parameters. The PDRT and 15-Item Test demonstrated moderate sensitivity, whereas the 21-Item Test demonstrated poor sensitivity. The less than perfect sensitivities of all the measures included in this review argue against their use in isolation as malingering screening devices. D
logical tests may be``failed'' for a variety of reasons apart from neurological disease, including psychiatric conditions such as depression or anxiety, inattentiveness secondary to various causes, and limited cooperation or poor motivation (Larrabee, 1992) . Therefore, prior to inferring brain dysfunction on the basis of neuropsychological test results, alternative explanations must be carefully considered and ruled out.
The issue of possible alternative explanations for defective scores on neuropsychological testing has become acute as neuropsychological evidence has been increasingly accepted in forensic settings such as civil litigation over mild head injuries. The application of these procedures in forensic settings has meant that potentially powerful reinforcers, often involving considerable sums of money, may be contingent on results from neuropsychological evaluations. Thus, the possibility of deliberate underperformance, or malingering, on neuropsychological testing has been raised as an important consideration in the interpretation of results obtained in forensic circumstances.
In the past decade, neuropsychological research has increasingly focused on the effects of malingering on neuropsychological testing. One outcome of this research has been the demonstration that relatively naõ Ève normal individuals can produce neuropsychological test results suggestive of brain dysfunction Faust, Hart, Guilmette, & Arkes, 1988; Heaton, Smith, Lehman, & Vogt, 1978) . With the growing number of individuals undergoing evaluations in circumstances providing powerful potential motivations for falsely appearing impaired, a need for validated measures to document an examinee's motivation and cooperation during neuropsychological testing has been pointed out (e.g., Reynolds, 1998) .
In addition to procedures introduced by Rey (1964) and described in Lezak's (1983) influential text (e.g., the 15-Item Test, Dot Counting Test), perhaps the most extensively studied techniques for documentation of malingering on cognitive testing are derivatives of the Symptom Validity Testing (SVT) procedure, such as the Digit Memory Test (DMT; Hiscock & Hiscock, 1989) and the Portland Digit Recognition Test (PDRT; Binder, 1990) . The strength of the two-alternative forced-choice format of SVT lies in the known probability of a correct response in the presence of no retained ability, which is approximately 50%. Individuals who score statistically significantly below 50% correct over a number of trials are providing relatively strong evidence for deliberate feigning of deficit, as to choose the incorrect response at a rate reliably greater than chance, the correct answer must have been known. Therefore, reliably below-chance performance on SVT is regarded by many as compelling evidence of malingered deficits. However, subsequent research has demonstrated that the significantly below-chance level of responding criterion for malingered deficits has an unacceptably low sensitivity for identifying the feigning individual in SVT derivative tests. For example, Guilmette, Hart, and Giuliano (1993) and Martin, Bolter, Todd, Gouvier, and Niccolls (1993) found that only a minority of normals asked to feign memory impairment on the DMT produced significantly below-chance performances (34% and 28%, respectively). This finding of low sensitivity using the below-chance criterion has been replicated in several other reports on both the DMT and the PDRT (Greiffenstein, Baker, & Gola, 1994; Guilmette, Hart, Giuliano, & Leininger, 1994; Hiscock, Branham, & Hiscock, 1994; Martin, Hayes, & Gouvier, 1996; Rose, Hall, & Szalda-Petree, 1995; Slick, Hopp, Strauss, Hunter, & Pinch, 1994) . Another procedure based on SVT, the 21-Item Test (Iverson, Franzen, & McCracken, 1991 , 1994 , has also been demonstrated to have low sensitivity using the significantly below-chance criterion.
The resolution to this dilemma has involved a modification to the interpretation of results from SVT procedures. The performance of groups of individuals with documented significant brain damage but no known motivation to fabricate or exaggerate deficits has been proposed as a normative metric against which to evaluate the validity of results from individuals with questionable evidence for brain dysfunction (Binder & Willis, 1991; Guilmette et al., 1993) . When a compensation-seeking individual with questionable evidence for brain dysfunction performs more poorly than individuals with documented brain damage on these procedures, nonneurological factors including, but not limited to, dissimulation should be considered as potential factors. Although comparison against a normative metric aids in identifying abnormal performance, merely performing below the normative-based cutting score is not necessarily equated with malingering due to the lack of evidence for deliberate production of feigned symptoms suggested by reliably below-chance performance. Rather, subnormative scores that are above the reliably below-chance threshold suggest a variety of alternative explanations such as inattention, poor cooperation, and dissimulation, factors that could result in suboptimal effort being expended on the task. Thus, performance on a procedure validated for detection of malingering that exceeds reliably below-chance levels, but falls below that of an appropriate reference group, has been characterized as representing inadequate effort that fails to meet assumptions required for valid assessment results.
Although attractive on rational grounds, and implicitly used by most recent researchers studying malingering, the validity of this classification system ultimately rests on the accuracy of the procedures on which it is based. Although there have been numerous excellent narrative literature reviews on detection of malingering on neuropsychological assessment in recent years (e.g., Etcoff & Kampfer, 1996; Haines & Norris, 1995; Nies & Sweet, 1994; Reynolds, 1998) , the overall effectiveness of these procedures has not been quantitatively assessed.
The goal of the present investigation is to evaluate the effectiveness of current procedures for the assessment of inadequate effort and malingering on neuropsychological testing. This is addressed through a meta-analytic review summarizing the effect size and classification accuracy of available procedures. This review is directed at three questions judged to be of clinical or methodological importance. First, Are the most commonly studied tests of neuropsychological malingering sensitive to this phenomenon? Second, Which of these tests of neuropsychological malingering is most effective for this purpose? Finally, How accurate are these tests for identification of malingering in the individual case?
Method
To identify tests of neuropsychological malingering, a computerized literature search using the PsycFirst and PsycLit data bases from 1985 through September 1998 was undertaken employing the keywords malingering, dissimulation, motivation, deception, feigning, and faking crossed with neuropsychological testing. Articles thus identified were obtained and perused for additional references that were in turn retrieved. In addition, review articles noted above were checked for relevant citations. Finally, the most recent issues of journals frequently publishing research on neuropsychological malingering were also examined.
All tests developed specifically to detect malingering during neuropsychological testing had the potential for being included in the present review. The number of citations for each test uncovered by the literature search was tabulated, and is presented in Table 1 . As can be seen, 5 of the 14 tests identified had been evaluated in at least six independent studies. The remaining nine tests had been investigated in three or fewer studies identified by literature searches. Only those tests that had been evaluated in at least six studies were included in the present review. This criterion served to focus the meta-analysis on the tests with the most empirical evaluations in the published literature. Those tests were the DMT (Hiscock & Hiscock, 1989) , the Dot Counting Test and the 15-Item Test (Rey, 1964) , the PDRT (Binder & Willis, 1991) , and the 21-Item Test (Iverson et al., 1991) . To identify unpublished data on these tests, Dissertations Abstracts International was searched using the test names as key words. Dissertations thus identified were obtained and reviewed for relevant data, and their reference sections were also searched for additional studies.
To be included in the meta-analysis, a study must have used one or more of the abovenoted neuropsychological malingering tests to compare at least one group known or inferred to be answering honestly with at least one group known or inferred to be fabricating or exaggerating neuropsychological deficit. Case studies or series and other uncontrolled reports were excluded from consideration. In addition, conference abstracts were not included in analyses because published summaries rarely provided sufficient detail to address the questions of interest.
Thirty-two reports met the criteria. Of these, 28 appeared in scientific journals or were published in test manuals, and 4 were unpublished dissertations. In a few cases, samples reported in early studies were added to and included in later reports. In these situations, only the most recent publication with the largest sample was included in the analysis, unless more clinically relevant comparisons (see below) could only be extracted from the earlier report.
Coding of studies
Each identified study was reviewed for potential comparisons of a group of known or suspected dissimulators and a group known or thought to be responding honestly. Three comparison types, listed in order of hypothesized clinical importance, were derived: (a) patients with neurological disorder honestly responding versus normals faking bad (PTNH vs. NLFB); (b) patients with neurological disorder honestly responding versus patients with neurological disorder faking bad (PTNH vs. PTNFB); and (c) normals honestly responding versus normals faking bad (NLH vs. NLFB). If more than one comparison was derivable from a study (e.g., data from more than two groups of potential interest reported), the contrast hypothesized to be most clinically relevant, using the ranking just noted, was selected. For example, the PTNH vs. NLFB comparison is hypothesized to be the most clinically relevant, given the forensic neuropsychologist's common task of determining whether poor performance on neuropsychological testing is due to cognitive dysfunction in a head-injured patient or inadequate effort by a normal test-taker. The NLH vs. NLFB comparison type was judged to be the least clinically relevant, because this comparison rarely faces the clinician. The PTNH vs. PTNFB comparison was considered as intermediate in clinical relevance, because the neuropsychologist may also be faced with the evaluee who has actually received a head injury of some severity, but may be exaggerating the resultant deficits. Thus, if data from three groups were reported, such as a patient group responding honestly, a normal group responding honestly, and a normal group asked to fake deficits, two relevant contrasts are possible (NLH vs. NLFB and PTNH vs. NLFB) . Given the greater clinical relevance of the PTNH vs. NLFB comparison, this contrast would be selected from the two possibilities.
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Since statistical evaluation of effect size differences between categories was of interest in this review, comparisons were derived from each study in a way that resulted in contrasts independent by subjects and by test. The two potential types of nonindependent contrasts were as follows: First, if a particular study reported data on more than two groups of potential interest (e.g., three), the derivable comparisons had the potential of having overlap of subjects (e.g., if NLH, PTNH, and NLFB samples were reported, two relevant comparisons with samplewise overlap of the NLFB sample were derivable, as per the comparison types listed above). Second, if a study included more than one malingering test in the protocol, then possible comparisons had the potential of having overlap of contrasts using the same subject 1 Several studies included two groups of analogue malingerers, with one group provided with information on head injury symptoms and/or test-taking strategies (NLFB-coached) and one group provided with no such information (NLFB-uncoached). In selecting contrasts out of these studies, the NLFB-coached group was always selected for inclusion in the most clinically relevant comparison type (PTNH vs. NLFB) if a PTNH group was present in the study. Although the question of whether coaching analogue malingerers modifies malingering test performance remains to be definitively resolved (e.g., Inman, Vickery, Berry, Lamb, & Edwards, 1998; Martin et al., 1996) , it is believed that coached analogue malingerers represent a more challenging distinction that makes the PTNH vs. NLFB comparison more clinically relevant. groups and different malingering tests. Thus, the derivation of a subset of contrasts independent by both subjects and test was accomplished in two stages. First, as many samplewise contrasts involving a particular test from multiple-sample publications as possible were chosen from the first comparison type, then the second, and then the third, until all contrasts independent by subject for that test were exhausted. In this way, there was no overlap of subjects between contrasts involving a particular test if multiple contrasts were derivable from a study. Fifty-nine contrasts, independent by subject within, but not across tests, was derived using this procedure. The second stage addressed the overlap of samples in contrasts from studies employing multiple malingering tests. One or more contrasts from studies that provided multiple contrasts using the same subjects but different tests were randomly eliminated until only independent contrasts remained. In this way, a subset of 44 contrasts that had no overlap by subject or test was derived.
2
This subset of 44 independent contrasts was then reviewed for outliers to screen for unusually high or low effect sizes that might skew subsequent analyses. A step-and-fences procedure as described by Tukey (1977) was performed on the 44 effect sizes. This procedure uses the median of the d values as the measure of central tendency from which to determine the likelihood of a value belonging to the same distribution. Values that fall beyond an inner`f ence'' are located approximately 2.67 standard deviations or more beyond the mean of the distribution. Thus, this procedure identified those values that were highly unlikely to belong to the same distribution of observations. This procedure resulted in the identification of three effect-size outliers of 8.17, 5.29, and À 1.82, which were eliminated, leaving a final set of 41 independent contrasts. This subset of 41 independent contrasts was used for descriptive purposes as well as statistical evaluation between categories. The justification for employing this relatively liberal procedure involved balancing the need to exclude extreme outlying data points against the desire to retain sufficient numbers of comparisons to investigate practically and methodologically interesting determinants of variability in the data set.
Studies evaluating the Dot Counting Test commonly reported results from several different scoring procedures to investigate each scoring procedure's malingering detection capability. 2 In an illustration of this coding procedure, Martin et al. (1996) employed four groups of subjects in an investigation of the DMT and the Dot Counting Test. The samples used were a group of head-injured patients inferred to be responding honestly (PTNH), a group of nonpatient controls responding honestly (NLH), and two groups of nonpatient analogue malingerers (NLFB). One group of analogue malingerers received coaching on how to best perform on the tests to avoid detection, whereas the other group received no such coaching. The first stage of coding this particular study involved selecting contrasts beginning with the most clinically relevant, according to the comparison hierarchy listed above. In this case, the PTNH group was contrasted with the coached NLFB group on DMT and Dot Counting Test scores, thus creating two comparisons of the two tests using the same subjects. Once these contrasts were derived, these two groups were removed from consideration. Thus, a number of studies using the Dot Counting Test provided multiple contrasts using the same subjects and test but with different scoring procedures. Again, this nonindependence of contrasts precludes statistical evaluation of effect sizes, so a subset of d values independent by subjects was derived. This was accomplished by deriving all possible contrasts available from a study employing the Dot Counting Test, then randomly eliminating one or more contrasts from studies that provided multiple contrasts using the same subjects but with different scoring procedures. In this way, a subset of contrasts involving the Dot Counting Test that had no overlap of subjects was derived.
Malingering test means and standard deviations for the honest and dissimulating groups were coded in percentage correct for each comparison along with available demographic characteristics of the groups (e.g., age, education, race, and sex). Sensitivity, specificity, and hit rate at cutting scores suggested in the literature were also determined. These cutoffs were: for the DMT, < 90% correct (Guilmette et al., 1993) ; for the 15-Item Test, < 9 items correctly reproduced, regardless of position (Lezak, 1983) ; for the PDRT, < 54% correct (Binder & Willis, 1991) ; and for the 21-Item Test, < 9 items correct on the recognition trial (Iverson et al., 1991) . Although alternative cutting scores have been proposed for many of these tests, these cutoffs were the most commonly reported in the literature and were thus used to evaluate classification accuracy rates. In cases where the published report did not include the required information or enough detail to infer it confidently, an attempt was made to contact authors for the missing data. Although this was attempted in every such situation, information was not ultimately available for every contrast. Sensitivity, specificity, and hit-rate data were not available for the Dot Counting Test due to both the lack of consistent reported cutoff scores and the wide variability in scoring procedures.
Methodological characteristics were also coded for each comparison to evaluate the impact of study-design quality on effect size. Study characteristics such as matching on demographic variables and minimally adequate sample size (N ! 30) were identified a priori as important potential methodological quality variables. In addition, Rogers (1997) recommended a number of methodological safeguards for inclusion in analogue malingering investigations to increase study quality. A comprehensive list of methodological weaknesses coded in the present study appears in Table 2 , along with additional information described below. Each weakness or limitation was scored as 2 = present or 1 = absent in a given comparison, and the scores were summed to give a total methodological weakness score for each contrast.
Effect size calculations and analyses
Effect sizes and subsequent analyses were calculated using the DSTAT meta-analysis software (Johnson, 1993) . Additional analyses were performed using SPSS statistical software. The effect size calculated by DSTAT used in the present study was the d statistic, which is an unbiased estimator of effect size as reported by Hedges and Olkin (1985) . This d value is the distance between the two groups expressed in terms of pooled standard deviation units, denoted as M H À M D /SD p , where M H equals the mean of the honest group on a given test, M D equals the mean of the dissimulating group on a given test, and SD p equals the pooled standard deviation of both groups. Because sample sizes varied widely, a weighting procedure was used to increase the accuracy of the effect size estimates by giving greater weight to those studies with larger sample size. Thus, each d value was weighted by the inverse of its variance. This procedure gives greater weight to comparisons including larger samples (Hedges & Olkin, 1985) .
As previously noted, after screening for outliers, 41 independent comparisons were extracted from the 32 studies. A full review of each contrast's methodological characteristics and effect size is presented in Table 3 . Two raters independently coded each of the comparisons with acceptable interrater reliability for the group test means (honest means r = .99, dissimulating means r = 1.0), classification-rate data (sensitivity r = .99, specificity r = 1.0, hit-rate r = .98), and total methodological weakness scores (r = .91).
Results

Question 1: Overall sensitivity of malingering tests
A stem-and-leaf plot, presented in Fig. 1 , shows the distribution of the set of 41 independent effect sizes. This plot graphically represents each of the effect sizes to provide information on the central tendency, variability, and shape of the distribution of d values. The values on the left side of the graph represent the value to the left of the decimal point in a d score, and the values on the right side represent the value to the right of the decimal point. For example, a d score of 0.75 would be rounded to 0.8; 0 would be the stem on the left side, and 8 the leaf on the right side. As can be seen in Fig. 1 , the effect sizes demonstrate a roughly normal distribution, with effect sizes ranging from À 0.4 to 3.2. The central tendency of this group of observations is toward large effect sizes, with a weighted mean d value of 1.13 (95% confidence interval (CI): 1.04±1.22) and a median of 1.4. This indicates that overall, the contrasts demonstrate a significant effect whose size would be considered large, separating the mean scores of honest and dissimulating groups by more than a pooled standard deviation, with honest responders achieving higher percent-correct scores on the malingering tests than the dissimulating responders.
One concern in interpreting these results lies in the``file drawer problem.'' This problem, as outlined by Rosenthal (1991) , refers to sample bias in studies submitted to and accepted by scientific journals. This sampling bias involves the phenomenon whereby studies selected only from published articles for a quantitative review may not be representative of the entire population of studies actually conducted due to peer-reviewed journals' bias toward publishing studies with significant results. This may result in effect size estimates that overstate the true population effect size, due to studies with negative results (and presumably small effect sizes) left in researchers'``file drawers.'' The fail-safe N statistic (Rosenthal, 1991) is an estimate of how many null findings left in the file drawer are necessary to make the effect size from the sampled studies nonsignificant. Calculating the fail-safe N on the set of 41 effect sizes described above resulted in an estimate of approximately 6,100 null-effect filed studies necessary to render the overall estimated effect size nonsignificant. Based on this analysis, it seems unlikely that sufficient nonsignificant studies involving the tests in question languish in file drawers to render the present results null.
Another concern in interpreting these results is whether study design quality had an impact on effect size. Therefore, the focused-comparison test (Rosenthal, 1991) was used to investigate this issue. The focused-comparison test provides a probability that a set of effect sizes covaried significantly with the variable being investigated. Thus, focused-comparison tests with a given variable that result in a probability of less than .05 indicate that effect sizes vary with varying magnitude of the variable in question. As described previously, each contrast was assigned a methodological weakness score, derived from the sum of present or absent weaknesses. The focused-comparison test of methodological weakness score resulted in a probability of p = .36, suggesting that the methodological weaknesses of the studies were not reliably related to the magnitude of the d values. However, given the coding system used, some comparison types had the potential for having more total methodological weakness score than others. Thus, the total weakness score for each of the 41 contrasts was divided by the total possible weakness score for that contrast's comparison type. This provided the proportion of methodological weaknesses actually present. The focused-comparison test on the weakness proportions for each contrast resulted in a probability value of p = .47, further suggesting that methodological weaknesses were not significantly related to effect size magnitude.
The preceding results address the first question posed for the review regarding the overall effectiveness of these malingering tests. These results suggest that, in general, these tests are effective in separating the mean scores of honest and dissimulating groups by more than a pooled standard deviation, with honest responders achieving higher percent-correct scores on the malingering tests than the dissimulating responders. This effect size estimate is likely to be reliable, since the number of necessary filed null-result studies needed to render this effect size Table 3 Demographic and methodological characteristics, d-Values, and classification accuracy of detection for studies of malingering by test nonsignificant is most likely unrealistic. The effect sizes do not appear to be reliably affected by variations in methodological quality among the studies providing the contrasts. Although these analyses strongly suggest that these tests are generally effective in differentiating groups of motivationally impaired versus honest responders, another research and clinical question of interest involves the differential effectiveness among the tests investigated. Analysis then turned toward Question #2 investigating whether some tests were more effective than others and in what situations these tests are effective.
Question 2: Relative effectiveness of the malingering tests
As stated previously, the set of 41 contrasts demonstrated an overall effect size of 1.13 (95% CI: 1.04±1.22). Yet, as seen in Table 3 , there was variability among the effect sizes. In an attempt to explore two potential sources of variability among effect sizes, weighted mean d values from the total set of 41 contrasts were stratified by test and comparison type. These mean d values are presented in Table 4 .
As can be seen, there was variability among the mean effect sizes of the tests. To further clarify differences between the tests in effectiveness, significance testing was performed on the independent effect sizes. This was accomplished using the Q B statistic, which is analogous to ANOVA but modified for effect size analysis (Hedges & Olkin, 1985) . The Q B statistic provides a between-groups omnibus analysis of effect size variability. As can be seen in Table 5 , there was a significant amount of variability among the mean d values of the tests ( p = .0001). This suggests that there is differential effectiveness in these tests' ability to differentiate between groups of honest and dissimulating responders. Follow-up contrasts were performed to further explore effect size differences. These follow-up contrasts were modified for effect size analysis from multiple contrast procedures in ANOVA by Hedges and Olkin (1985) , and are based on the Scheffe method to protect against Type I error. The results of these follow-up contrasts are presented in Table 6 .
These follow-up contrasts revealed that the DMT has a significantly greater mean d value than the PDRT, but not significantly different from the mean d value of the 21-Item Test. The mean d values of the PDRT and the 21-Item Test were also not significantly different. The mean d values of the DMT, PDRT, and the 21-Item Test were all significantly greater than those of the 15-Item Test and the Dot Counting Test, which were not significantly different from each other. Thus, it appears that a rough hierarchy of effectiveness among these tests in differentiating between groups of honest and dissimulating responders emerges. These results suggest that the DMT has the largest effect size, and is reliably more effective than the PDRT. The 21-Item Test appears to be intermediate between the DMT and the PDRT, and is not reliably different from either one. The 15-Item Test and the Dot Counting Test are clearly the least effective, and reliably lower than the other tests.
It should be noted that collapsing the d values across the different scoring procedures of the Dot Counting Test likely obscures effect size variability among the procedures. As can be seen in Appendix A, which presents explanations of the scoring procedures and their associated d values, there were no more than three contrasts available for each scoring procedure. This low number of available contrasts limits the analyses that can be undertaken; however, a detailed analysis of the scoring procedures for the Dot Counting Test is beyond the scope of the present review. The randomly selected set of d values from investigations employing the Dot Counting Test is thought to be a representative sample of d values demonstrating the overall effectiveness of this test, which is the purpose of the present review. 
Effectiveness between comparison types
A related question to that of test effectiveness is whether these tests are effective at making different types of discriminations. It was hypothesized that differences in test effectiveness might be observed with different comparisons, such as contrasting feigning subjects with normal versus patient controls (e.g., NLH vs. NLFB and PTNH vs. NLFB comparisons). The mean d values of the three comparison types are presented in Table 7 .
As can be seen, there appeared to be slight differences among the effect sizes of the comparison types. The PTNH vs. NLFB had the highest mean d value of 1.24 (1.10±1.39), whereas the PTNH vs. PTNFB comparison had the lowest at .96 (.78±1.13). The NLH vs. NLFB comparison had an intermediate mean d value of 1.14 (1.00±1.28). Significance testing of differences between the comparison types was performed on the set of 41 independent effect sizes using the Q B statistic, as presented in Table 7 . An overall difference between the groups reached statistical significance ( p = .044). Follow-up contrasts demonstrated that the PTNH vs. NLFB comparison had a significantly higher ( p = .044) d value than the PTNH vs. PTNFB comparison, with the NLH vs. NLFB comparison occupying an intermediate position, and not significantly different from the other comparisons (see Table 8 ). This suggests that the tests somewhat more effectively differentiate honest clinical groups from analogue dissimulation groups than when suspected clinical malingerers are being compared with honest patient groups. Note: DMT = Digit Memory Test; PDRT = Portland Digit Recognition Test; CI = confidence interval. * significant at the .05 level using the Q B statistic. However, it should be noted that even the smallest d value among the comparison types has a 95% CI that does not include 0 and whose magnitude would be considered large. In summary, regarding the second research question of whether these tests demonstrate differential effectiveness, the results of the analysis on the mean d values suggested variable effectiveness of the tests in differentiating groups of honest from dissimulating responders. The DMT appears to have the largest effect in separating the test means of honest responders from those of dissimulators, and had a significantly higher d value than that of the PDRT. The 21-Item Test appeared to be intermediate between the DMT and the PDRT, with a mean d value not reliably different from the latter two tests. The DMT, 21-Item Test, and PDRT were all reliably more effective than the 15-Item Test and the Dot Counting Test at differentiating honest groups from dissimulators. There appeared to be variable effectiveness of the tests across different subject sample types, with higher d values associated with contrasts involving analogue malingerers and honest clinical groups, and lower d values associated with the use of clinical honest and suspected malingering groups. This suggests that the use of analogue malingerers may somewhat overestimate these tests' discrimination abilities in clinical practice.
Question 3: Accuracy of the malingering tests for individual classification decisions
Although these d values provide evidence that the tests discriminate honest responders from dissimulating responders reasonally well at the group level, they offer little definitive information on the tests' ability to classify individual cases accurately, which is a clinically critical question and the third issue targeted by the meta-analysis. Sensitivity, specificity, and hit rates at specific cutting scores are more useful in this regard, and these data were used to address the question of the classification accuracy of these tests. (It is recognized that positive predictive power, negative predictive power, and base rates are important issues in evaluating the performance of a diagnostic rule in actual practice. However, given that positive predictive power and negative predictive power are derived from base rates, specificity and sensitivity, only the latter two parameters will be addressed here.) Classification parameters were extracted from published articles or obtained from authors wherever possible. It was possible to extract or obtain classification rates from authors in a smaller number of comparisons than for the d-value analyses (28 specificity, 25 sensitivity, and 24 hit-rate values). As noted earlier, sensitivity, specificity, and hit-rate data were not available for the Dot Counting Test due to both the lack of consistent reported cutoff scores and the wide variability in scoring procedures.
Sensitivity indicates the percentage of individuals known to have a target condition (in this case inadequate effort or deliberate feigning of deficit) who are correctly classified at a given Note: PTNH = patients with neurological disorder honestly responding; NLFB = normals faking bad; PTNFB = patients with neurological disorder faking bad; NLH = normals honestly responding; CI = confidence interval.
* p value significant at the .05 level using the Q B statistic.
cutting score. Specificity indicates the percentage of individuals known not to have a target condition who are correctly classified at a given cutting score. Mean sensitivity, specificity, and hit-rate data by test and by comparison type for the contrasts of the DMT, PDRT, 15-and 21-Item Tests are presented in Table 9 . Grand means for the three classification parameters indicate that, overall, the tests have a moderate average sensitivity value of 56.0%, a very high average specificity value of 95.7%, and a moderately high average hit rate of 76.8%. Further inspection of Table 9 suggests some variability among the tests on these classification parameters.
Inspection of the mean sensitivities reveals some variability. The DMT appears to have the highest sensitivity rate at 83.4%, and the 21-Item Test, the lowest at 22.0%. The PDRT and the 15-Item Test appear to have intermediate sensitivities, at 44.0% and 43.3%, respectively.
The mean specificities for all of the tests except the 15-Item Test were grouped between 95% and 100% (DMT, 95.1%; PDRT, 97.3%; 21-Item Test, 100%). The mean specificity of the 15-Item Test was relatively lower at 92.5%, but still fairly high.
The DMT appeared to have the highest hit rate of 89.4%, and the 21-Item Test, the lowest at 60.7%. Once again, the PDRT and the 15-Item Test were intermediate at 71.2% and 70.5%, respectively. Since these patterns of classification-rate data suggest variability among the tests, significance testing was performed to clarify group differences.
Significance testing of the available classification data by test was performed on the independent effect sizes. As stated previously, it was possible to extract or obtain classification rates in a smaller number of comparisons than for the d-value analyses. Since the number of available data points in each cell tended to be low, nonparametric analyses were conducted. The Kruskal-Wallis Test, a nonparametric alternative to ANOVA, was used to investigate differences in classification parameters among the four tests. Follow-up contrasts to clarify group differences were performed using Mann-Whitney U tests, Bonferroni-corrected to minimize Type I error. The results of these analyses are presented in Table 10 .
The between-groups analysis of sensitivity indicated significant differences between the tests ( p = .004). Follow-up contrasts revealed that the DMT had a significantly higher sensitivity rate than the PDRT and the 15-and 21-Item Tests. These latter three tests were not significantly different from each other. These results suggest the superiority of the DMT to accurately classify the dissimulating responder over the other three tests.
There did not appear to be a significant effect between the groups on the parameter of specificity ( p = .129), indicating approximately equivalent ability among the tests to accurately classify the honest responder. There appeared to be a significant overall effect among the tests ( p = .004) on the hit-rate parameter, with follow-up contrasts again suggesting the superiority of the DMT in accurately classifying all responders over the other three tests, which did not differ significantly from each other.
The results of the analyses of the classification-rate data suggest that the DMT appears to be superior to the other tests in accurately classifying the dissimulating responder and classifying responders overall. The DMT, PDRT, and the 15-and 21-Item Tests all have a very high rate of accuracy in classifying the honest responder, and all are essentially equivalent on this parameter. Although the PDRT and the 15-and 21-Item Tests were not statistically different on the sensitivity parameter, the slightly higher mean sensitivity values of the PDRT and the 15-Item Test may suggest their use in classifying the dissimulating responder over the 21-Item Test.
Classification rates between comparison types
As with the mean d values of the tests of malingering, it was hypothesized that these tests may demonstrate variable classification capabilities depending on the subject samples Note: Classification data on the Dot Counting Test were not available due to inconsistencies in scoring procedures. PTNH = patients with neurological disorder honestly responding; NLFB = normals faking bad; PTNFB = patients with neurological disorder faking bad; NLH = normals honestly responding; DMT = Digit Memory Test; PDRT = Portland Digit Recognition Test; Sn = sensitivity; Sp = specificity; HR = hit rate. Published cutting scores used to determine classification rates: DMT, < 90% correct; PDRT, < 54% correct; 15-Item Test, < 9 items correct ( < 60% correct); and 21-Item Test, < 9 items correct ( < 43% correct). compared. The specificities of the comparison types were all above 90%; however, the specificities for the PTNH vs. PTNFB (98.3%) and NLH vs. NLFB (99.5%) comparisons appeared to be relatively higher than that of the PTNH vs. NLFB comparison (92.5%). Nonparametric significance testing with the Kruskal-Wallis Test with Mann-Whitney U follow-up contrasts, presented in Table 11 , revealed a significant between-groups effect on this parameter ( p = .043). Although the overall effect was significant, follow-up contrasts did not reveal any significant differences between the comparison types following correction for multiple comparisons.
An inspection of the hit-rate data for the comparison types indicates little variability. The highest hit rate was that of the PTNH vs. PTNFB comparison at 78.8%, whereas the NLH vs. NLFB and PTNH vs. NLFB comparisons were 78.2% and 75.2%, respectively. Again, no significant differences between the comparison types were observed on this parameter ( p = .886).
The analyses of classification rates between comparison types suggest that the tests included in this review are approximately equivalent in their ability to accurately classify dissimulating responders. Although there appeared to be an overall difference among the comparison types on their ability to classify the honest responder, there were not reliable differences between the comparisons. This suggests that the specificities across comparison types are approximately equivalent, while acknowledging a nonsignificant trend toward lower specificity values in the PTNH vs. NLFB comparison type. However, the modest number of contrasts available for these analyses as well as reduced power to detect an effect secondary to Bonferroni correction may be masking real underlying differences. Finally, no reliable differences were observed between the comparison types on the hit-rate parameter. Overall, the results addressing the third research question (individual classification parameters) indicate that the tests demonstrate moderate sensitivity, very high specificity, and moderately high hit rates. All of the tests reviewed demonstrated approximately equivalent high specificities. There was some variability among the classification of the individual among the tests, with the DMT demonstrating superior sensitivity and hit rate to the other tests, which did not differ from each other. Furthermore, the tests appeared to be approximately equivalent in classification abilities across different comparison types, although a nonsignificant trend was noted for possibly lower specificity values when the tests are used to differentiate dissimulating normal individuals from head-injured honest responders.
A final point worth emphasizing here is that sensitivity and specificity parameters do not capture the accuracy of clinical decision making based on a particular test and cutting score. In actual practice, the base rate of the phenomenon in question must be estimated to calculate positive predictive power (the probability that an individual at or below a given cutting score on these tests actually has the predicted condition) and negative predictive power (the probability that an individual with a score above the cutting point on these tests does not actually have the predicted condition; Glaros & Kline, 1988) . Clinicians must incorporate this type of information into clinical application of these and other tests to appreciate probable accuracy rates.
Discussion
The present study investigated the effectiveness of five tests of neuropsychological malingering for use in contexts where a test-taker's effort during testing cannot simply be assumed to be adequate. The results of controlled published and unpublished studies were meta-analytically reviewed to address three research questions thought to be of interest to the clinician and the researcher.
Question 1: Overall effectiveness of malingering tests
The mean effect size estimate of 1.13 (95% CI: 1.04±1.22) from a group of 41 independent contrasts suggests that the tests separate the mean scores of groups of dissimulators from those of the honest responders by greater than 1 standard deviation, an effect that would be considered large in Cohen's (1977) interpretive framework. A file-drawer analysis suggested that nearly 6,100 unpublished studies of nonsignificant effect size would be required to render the effect size estimate derived from the studies in the current sample nonsignificant, a prospect that seems unlikely. Overall, these findings suggest that the malingering tests included in this analysis appear to be effective in discriminating groups of malingerers from honest responders.
Question 2: Relative effectiveness of malingering tests
Given that these tests are generally effective in discriminating groups of dissimulators from honest responders, the second research question addressed whether some tests were more effective than others. The evidence suggested some superiority of the DMT for discriminating groups of malingerers from honest responders, with the 21-Item Test and PDRT likely acceptable alternatives. The 15-Item Test and the Dot Counting Test were clearly weaker in their ability to discriminate groups of malingerers from nonmalingerers. There also appeared to be variable effectiveness of the tests across different subject samples, with higher d values associated with the use of analogue malingerers as compared to the use of suspected clinical malingerers. This suggests that the effect sizes observed in simulation studies may represent an overestimate of these tests' ability to discriminate groups of honest from dissimulating responders than would be observed in the clinical setting.
Question 3: Classification accuracy of the malingering tests
Although the previous analyses provided information regarding the tests' ability to discriminate dissimulators from honest responders on a group level, the question of the tests' ability to correctly classify the individual case may be more salient to the clinician. Overall, the tests displayed moderate sensitivity, very high specificity, and a moderately high hit rate, with some variability among the tests. Based on these data, the DMT, with both high specificity and moderately high sensitivity, might be considered a first-line procedure when the clinician has questions regarding a subject's effort on neuropsychological testing. Although the PDRT and the 15-and 21-Item Tests demonstrated excellent specificity rates, the moderate to low sensitivities of these tests may raise problems when using any of these tests in isolation. Thus, use of these tests as single screens for level of effort might result in an unacceptable number of false negative decisions. Although the DMT, PDRT, 15-, and 21-Item Tests have support from the present data set for individual classification decisions, none of them have perfect sensitivity rates. Thus, the prudent clinician may consider using more than one of these procedures.
Overall, the results of this meta-analytic review of tests of neuropsychological malingering suggest that several of the tests included in the analysis are effective in separating dissimulators from honest responders, and permit the clinician a degree of confidence in commenting on an individual's level of effort. However, the differences between the tests in classification accuracy, although based in some cases on limited numbers of subjects and/or contrasts, may influence the clinician in choosing which test or tests are best suited to the purposes of the referral question. The DMT appears to be the best-supported test overall in the present results. The large effect size of the 21-Item Test is in stark contrast to its low average sensitivity, suggesting that some modification of the recommended cutting score may need to be considered and validated. Although the sensitivity of the PDRT was somewhat lower than that of the DMT, the PDRT's specificity was excellent. Although the sensitivity and hit-rate summary values for the 15-Item Test were similar to the PDRT and higher than the 21-Item Test in the present analysis, it should be noted that of the four tests included in the classification data analysis, only the 15-Item Test had a negative d-value contrast ( À .35). Further, two other studies of the 15-Item Test that reported negative d values were eliminated from the data set as outliers or randomly excluded to produce independent samples. This indicates that in three published studies of the 15-Item Test, neurological patients responding honestly achieved lower scores than dissimulators, a troubling characteristic not reported for the DMT, PDRT, or 21-Item Test. Finally, in a direct comparison of the DMT and 15-Item Test, Guilmette et al. (1994) found the 15-Item Test much inferior in classification ability. These findings suggest caution in using the 15-Item Test in isolation. Although no conclusions can be drawn concerning the classification accuracy of the Dot Counting Test, its relatively lower effect size may suggest the use of other tests such as the DMT, PDRT, or 21-Item Test with higher demonstrated ability to discriminate between groups.
The present results should be considered somewhat tentative for several reasons. One important limitation involves the small number of observations available for many tests and comparisons for statistical analysis. In addition to limiting the confidence in the conclusions based on these analyses, it also demonstrates that a relatively limited number of malingering tests met the minimal requirements used here for inclusion in the review. Thus, in addition to developing new malingering tests, which has been a popular trend recently, researchers in this area should also attend to the need to further validate promising currently available tests. Clinicians may also be advised to examine the strength of the evidence supporting the construct validity of any malingering test they are considering using, as the present review suggests that a mere handful of tests are supported by a reasonable body of peer-reviewed evaluation.
A related limitation involves the fact that several potentially important sources of variance among the effect sizes were not investigated due to the small number of contrasts available for statistical analysis. Mere partitioning of studies into test and comparison type likely obscures the potential moderating effects of variables such as the effects of financial incentives, coaching of analogue dissimulators, and differences between variants of the target tests (e.g., computer vs. manually administered).
Another limitation of the present data set is that the preponderance of malingering groups was composed of analogue malingerers. The generalizability of results derived from analogue 
.
Hiscock et al. (1994)
. et al. (1994) .
Greiffenstein
. Note: 1 = number of trials where correct number of ungrouped dots were counted; 2 = number of trials where correct number of grouped dots were counted; 3 = time to count ungrouped dots; 4 = number of trials where incorrect total (grouped and ungrouped) were counted; 5 = number of trials where incorrect total (grouped and ungrouped) were counted; 6 = number of trials where correct total (grouped and ungrouped) were counted; 7 = ungrouped counting time minus grouped counting time; 8 = total number of grouped dots counted; 9 = total number of ungrouped dots counted; 10 = number of deviations from trend of increasing counting time with increasing number of ungrouped dots; 11 = number of deviations from trend of increasing counting time with increasing number of grouped dots; 12 = number of deviations from trend of increasing counting time with increasing number of both grouped and ungrouped dots.
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malingerers to actual clinical malingerers is not entirely established. Thus, some caution must be exercised when considering the present results. An additional limitation of this review was that the classification accuracy of combinations of tests of effort was not investigated, and this did not address the common clinical practice of administering several tests of effort within a neuropsychological test battery. Highlighting the potential importance of this issue, Iverson and Franzen (1996) demonstrated that the classification rates of a combination of several tests of effort were more effective than the rates of any single test. Future research may focus on clarifying this important issue.
It is hoped that this review will stimulate additional systematic studies of the efficacy of malingering tests. Direct empirical assessment of the conclusions suggested by this review would be desirable. Exploration of optimal combinations of tests and strategies for combining results from two or more malingering tests is needed. Careful attention to investigating the external validity of simulation designs is needed, as are more studies using clinically identified malingerers.
A final point worth emphasizing is that conclusions regarding malingering should rarely, if ever, rest on a single finding. Although well-validated malingering tests provide an important tool for clinical assessments, clinicians should be mindful of the import of the consequences of a finding of malingering, carefully ruling out alternative explanations and considering multiple sources of information. The most confident conclusions may be drawn when supported by several lines of evidence, and this issue should be considered by the prudent clinician.
